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Abstract: We have studied the thermal stability of Quarkonia states by computing the effects of color-screening and
vacuum screening based on a temperature dependent screened coulomb plus power potential for the quark-antiquark
interaction. Medium effects on the properties of charmonia and bottomonia states are studied. The color screening
and the vacuum screening effects on the stability of the quarkonia states are also separately calculated for comparison.
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1 Introduction
A fundamental description of the behavior of parti-
cles in a thermal environment can be represented through
screening mass as it considers the interaction of a par-
ticle with the medium. Such an understanding about
the screening mass of the elementary particles (quark,
gluon, leptons, W±-bosons, Z-bosons, higgs bosons) is
necessary for understanding the formation of deconfined
quark-gluon plasma state (the matter with high density
at high temperature) which has been intensely studied
in heavy ion collision experiments at CERN, BNL and
RHIC etc. It also plays an important role at high temper-
ature in strong and electroweak interaction and also in
understanding the deconfinement mechanism. The par-
ton jets, electromagnetic signals and the suppression of
quarkonia states are the main signatures of the decon-
fined state[1, 2, 3]. Though there exist many theory like
the effective field theory and lattice simulations to study
the deconfinement mechanisms but they require very in-
tense computational efforts. However study based on
phenomelogical model is very simple and an important
tool to understand the screening effects on the binding
energy of quarkonia states.
2 formalism
Study of the deconfined medium has been attempted
using the schrodinger equation with a non-relativistic
Hamiltonian given by
H =M+
p2
2m
+V (r,T ) (1)
where, M=m1+m2 and m=
m1m2
m1+m2
. Here, m1/2 corre-
sponds to the mass of the quark/antiquark constituting
the quarkonia state. For example, in the case of charmo-
nium, mc=1.320GeV/c
2 and in the case of bottomonium
mb=4.746GeV/c
2 [4, 5]. The medium dependent quark-
antiquark potential[6] is considered as
V (r,µ(T ))=
−α
r
exp[−µ(T )r]+
σ
µ(T )
(1−exp[−µ(T )rν ])
(2)
where, α=0.471[7] and σ has been determined by taking
the corresponding spin average mass of charmonia and
bottomonia (1s, 2s and 1p-states) without considering
the medium effects (µ →0). The parameter σ for dif-
ferent choices of ν thus are obtained are plotted in the
fig.(1) and (2) for the charmonia and bottomonia respec-
tively. It is found that for ν=1 the value of σ remains
almost same for both cc¯ and bb¯ states.
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Fig. 1. string tension σ at different choices of power
index ν for charmonia
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Fig. 2. string tension σ at different choices of power
index ν for bottomonia
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Fig. 3. The potential model from eqn.(2) for particular choices of µ and ν
The nature of potential 2 for the different choices of
ν=0.5, 1.0 and 1.5 is showed in the fig.(3).
3 Properties of Quarkonia states with
medium effects µ 6=0
The Schro¨dinger equation with the potential defined
by eqn. (2),
[
1
2m
(
−d2
dr2
+
l(l+1)
r2
)+V (r,µ)]Φn,l(r)=En,l(r)Φn,l(r),
(3)
is solved [8] to get the energy eigenvalue En,l(µ) as a
function of the medium parameter, µ. We now define an
effective binding energy express as [4, 9]
En,lcs (µ)≡ 2m+
σ
µ
−En,l(µ) (4)
En,lcs (µ) described by eqn.(4) provides a positive value
for the bound states and as µ increases, it decreases. For
a particular value of µ=µc at which
En,lcs (µ=µc)= 0 (5)
defines a critical value for the screening mass µc, beyond
which no more binding is possible and it just dissociates.
Table 1. Screening parameters of the cc¯ (1s)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.441 1.01547 0.67704 3.07428 0.19433
0.3 0.355 0.90442 0.72658 3.03252 0.21819
0.5 0.294 0.80337 0.77376 3.00595 0.24564
0.7 0.246 0.71047 0.81914 2.98624 0.27775
0.9 0.207 0.62863 0.86436 2.96929 0.31392
1.0 0.192 0.59417 0.88668 2.96314 0.33212
1.1 0.176 0.5612 0.9136 2.95361 0.35163
1.3 0.149 0.50597 0.97351 2.93448 0.39002
1.5 0.127 0.46265 1.04001 2.9145 0.42654
1.7 0.108 0.42787 1.1094 2.89241 0.46121
2.0 0.085 0.3889 1.20957 2.85856 0.50743
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Table 2. Screening parameters of the cc¯ (2s)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.833 0.83193 0.96962 3.64128 0.23690
0.3 0.57 0.70145 1.14599 3.45259 0.34620
0.5 0.406 0.58339 1.35904 3.33593 0.48605
0.7 0.295 0.47153 1.60487 3.26562 0.66894
0.9 0.217 0.36723 1.86448 3.23091 0.90939
1.0 0.192 0.32305 1.98204 3.23433 0.61086
1.1 0.16 0.27809 2.14255 3.21535 1.23337
1.3 0.119 0.21129 2.50665 3.2032 1.65831
1.5 0.088 0.16417 3.04708 3.17603 2.24249
1.7 0.066 0.1342 3.69515 3.1318 2.98999
2.0 0.043 0.11535 4.34165 3.05612 4.58929
Table 3. Screening parameters of the cc¯ (1p)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.728 0.92101 0.90081 3.43043 0.21426
0.3 0.517 0.76931 1.03515 3.31203 0.25651
0.5 0.385 0.63324 1.18696 3.24798 0.31163
0.7 0.293 0.50668 1.35569 3.21827 0.38947
0.9 0.227 0.42629 1.40402 3.32733 0.46292
1.0 0.192 0.34172 1.58942 3.20186 0.57748
1.1 0.177 0.30429 1.62205 3.22168 0.64852
1.3 0.139 0.25813 1.61366 3.3257 0.76449
1.5 0.11 0.18859 1.92708 3.22327 1.04639
1.7 0.087 0.15148 2.24087 3.21433 1.30274
2.0 0.062 0.11197 3.02153 3.19371 1.76243
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Fig. 4. Colour Screening energy En,lcs (µ)of the bound states of charmonium for the different values of ν
Table 4. Screening parameters of the bb¯ (1s)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.212 1.364 0.39804 9.64742 0.14467
0.3 0.207 1.3374 0.39389 9.64676 0.14755
0.5 0.203 1.31557 0.3896 9.6463 0.15000
0.7 0.198 1.29695 0.38611 9.64467 0.15215
0.9 0.193 1.2823 0.38369 9.6425 0.15389
1.0 0.192 1.27767 0.38253 9.64227 0.15445
1.1 0.188 1.2712 0.38228 9.63989 0.15523
1.3 0.1821 1.26195 0.38184 9.6363 0.15637
1.5 0.177 1.25525 0.3818 9.633 0.15721
1.7 0.171 1.249 0.38231 9.6289 0.15799
2.0 0.162 1.2408 0.38343 9.62256 0.15904
Table 5. Screening parameters of the bb¯ (2s)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.511 1.06003 0.71679 9.97405 0.18616
0.3 0.401 0.94723 0.79303 9.91534 0.20833
0.5 0.323 0.83591 0.86467 9.8784 0.23607
0.7 0.263 0.72545 0.93271 9.5453 0.27202
0.9 0.217 0.6228 0.99571 9.84042 0.31685
1.0 0.192 0.57257 1.03308 9.82733 0.34465
1.1 0.179 0.534 1.06148 9.8272 0.36955
1.3 0.149 0.4646 1.14111 9.8127 0.42475
1.5 0.124 0.4128 1.23972 9.79239 0.47805
1.7 0.103 0.3761 1.34601 9.76586 0.52470
2.0 0.0784 0.3436 1.47302 9.72016 0.57433
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Table 6. Screening parameters of the bb¯ (1p)state
for µ=µc for the different choices of ν
ν σ µc r0 M rD
GeV ν+1 GeV fm GeV fm
0.1 0.414 1.07177 0.69182 9.87827 0.18412
0.3 0.336 0.94305 0.75084 9.84829 0.20925
0.5 0.282 0.8238 0.80592 9.83431 0.23954
0.7 0.239 0.7115 0.85072 9.8279 0.27735
0.9 0.206 0.61433 0.87292 9.82732 0.32122
1.0 0.192 0.5725 0.87716 9.82728 0.34469
1.1 0.178 0.5349 0.88272 9.82477 0.36892
1.3 0.155 0.4731 0.90015 9.81962 0.41712
1.5 0.136 0.4249 0.93709 9.81207 0.46443
1.7 0.119 0.3857 0.99319 9.80052 0.51163
2.0 0.098 0.34075 1.1046 9.77959 0.57913
Table (1) to (6) shows the screening parameter of 1s,
2s, and 1p-state of the cc¯ and bb¯ and fig (4) and (5)
shows the change in energy eigenvalue with respect to
screening parameter µ for the different choices of poten-
tial exponent ν. The value of µc is extracted from the
condition given by eqn(5). It is observed that the critical
value for the screening mass µc decreases with increase in
the choice of potential exponent ν. Also with increase of
ν, the color screening radii rD (rD=1/µc)and the r.m.s
value (r0) at the last binding energy of the quarkonia
state at µ=µc show a increasing trend. The mass of
the quarkonia state at µ=µc is tabulated below the col-
umn represented by M. The resultant colour screening
parameter, µc for each of the quarkonia states against
the potential exponent, ν are plotted in fig. (6).
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Fig. 5. Colour Screening energy En,lcs (µ) of the bound states of bottomonium for the different values of ν
0.0 0.5 1.0 1.5 2.0
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
C
 (
G
e
V
)
 1p-bb
 2s-bb
 1s-bb
 1p-cc
 2s-cc
 1s-cc
Fig. 6. Colour screening parameter µc with in-
crease in power exponent ν
4 The Vacuum Screening Mass
At T=0, The absence of light quarks indicates the
screening parameter µ=0 while the presence of light
quark-antiquark from vacuum correspond to µ(T=0)6=0.
As the separation between Q-Q¯ increases the gluonic flux
that binds Q and Q¯ breaks and the light quark and an-
tiquark pairs are produced out of vacuum.This breaking
of string is attributed to the creation of qQ¯ and q¯Q but
not exactly due to colour screening. Energy is required
to bring out the virtual qq¯ pair from vacuum and hence,
µ(T =0) 6=0.
Considering the vacuum screening, the effective bind-
ing energy can be represented as [4]
Evs(T =0)= 2mQq¯−MQQ¯ (6)
where, mQq¯ is mass of heavy-light quark and mQQ¯ is
mass of state of cc¯ and bb¯. Here, we consider mQq¯ as D0
for charmonia and B0 for bottomonia.
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comparing eqn. (6) with eqn. (4), the vacuum screen-
ing parameter, µvs has been calculated for the different
choices of power exponent ν and results are tabulated in
table (7) and (8) for charmonia and bottomonia states
respectively. The vacuum screening parameter, µvs ob-
tained for each of the quarkonia states are potted against
the potential exponent, ν in fig(7).
Table 7. Vacuum screening parameter µvs for char-
monia states
J/Ψ Ψ
′
χc
ν µvs(GeV)
0.1 0.4009 0.7659 0.6009
0.3 0.3229 0.5243 0.4269
0.5 0.2673 0.3737 0.3178
0.7 0.2237 0.2714 0.2420
0.9 0.1884 0.1994 0.1873
1.0 0.1743 0.1759 0.1621
1.1 0.1599 0.1472 0.1461
1.3 0.1356 0.1094 0.1148
1.5 0.1155 0.0812 0.0908
1.7 0.0982 0.0607 0.0719
2.0 0.0772 0.0394 0.0511
Table 8. Vacuum screening parameter µvs for bot-
tomonia states
Υ Υ
′
χb
ν µvs(GeV)
0.1 0.2019 0.3151 0.2756
0.3 0.1973 0.2473 0.2237
0.5 0.1933 0.1991 0.1876
0.7 0.1886 0.1623 0.1591
0.9 0.1838 0.1338 0.1371
1.0 0.1826 0.1192 0.1277
1.1 0.1790 0.1104 0.1185
1.3 0.1735 0.0918 0.1032
1.5 0.1686 0.0764 0.0905
1.7 0.1629 0.0635 0.0792
2.0 0.1543 0.0483 0.0652
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Fig. 7. Vacuum screening parameter µvs with in-
crease in power exponent ν
5 Conclusion
The effect of medium on the binding energy of theQQ¯
states are studied by introducing a medium dependent
screening mass parameter, µ. For the different choices of
µ we have calculated the effective binding energy and the
bound state radii by solving the Schro¨dinger equation.
The effective binding energy (En,lcs ) as defined in eqn.(4)
is found to vanish at a particular value of µ= µc. This
value µc is then defined as critical screening mass pa-
rameter of the quarkonia state. Above this value bound
state will not be possible. Corresponding to this critical
screening mass parameter,µc we obtained the screening
radii rD = 1/µc The corresponding r.m.s. radius of the
quarkonium state r0at µ=µc is also computed for each
choices of ν. A part from the medium screening effects,
the vacuum screening effects by considering µ(T=0)6=0 is
also studied according to eqn.(6). Here like µc we obtain
the vacuum screening parameter, µvs for each choices of
ν.
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Fig. 8. Radii with increase in power exponent ν for charmonia for 1s, 2s and 1p-states respectively
0.0 0.5 1.0 1.5 2.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
ra
d
ii 
(f
m
)
 r0
 rD
 rVS
1s-state
0.0 0.5 1.0 1.5 2.0
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
ra
d
ii 
(f
m
)
 r0
 rD
 rVS
2s-state
0.0 0.5 1.0 1.5 2.0
0.0
0.5
1.0
1.5
2.0
2.5
3.0
ra
d
ii
 (
fm
)
 r0
 rD
 rVS
1p-state
Fig. 9. Radii with increase in power exponent ν for bottomonia for 1s, 2s and 1p-states respectively
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ν
From fig.(6) and (7) one can conclude that µc and
µvs decreases with increase in the potential exponent ν
in all the cases while for a particular choices of ν it in-
creases for excited states. And the vacuum screening
radii (rvs=1/µvs)increases with increase in potential ex-
ponent ν.
The vacuum screening of the 1s-state of charmonia
will be stable above ν=0.5 similarly for 2s-state and 1p-
state of charmonia vacuum screening will be stable above
ν=1.7 and 1.3 respectively. Similarly for the case of
bottomonia 1s-state, 2s-state and 1p-state will be sta-
ble against vacuum screening. While these states will be
unstable due to colour screening in both charmonia and
bottomonia cases studied here.
Fig.(8) and (9) shows a plot of radii (i.e last banding
radii r0, colour screening radii rD and vacuum screening
radii rV S) of different (i.e. 1s, 2s and 1p) states of char-
monia and bottomonia with different choices of potential
exponent ν. The different states of charmonia and bot-
tomonia get screened, which represents their instability
in medium.
Table 9. Colour screening temperature for charmonia
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ν T/Tc
1s-state 2s-state 1p-state
0.1 3.50 2.90 3.19
0.3 3.14 2.49 2.71
0.5 2.82 2.11 2.26
0.7 2.51 1.75 1.86
0.9 2.25 1.41 1.60
1.0 2.14 1.27 1.33
1.1 2.03 1.12 1.21
1.3 1.86 0.91 1.06
1.5 1.71 0.76 0.83
1.7 1.61 0.66 0.71
2.0 1.48 0.59 0.59
Table 10. Colour screening temperature for bottomonia
ν T/Tc
1s-state 2s-state 1p-state
0.1 4.62 3.64 3.68
0.3 4.54 3.28 3.26
0.5 4.45 2.92 2.88
0.7 4.41 2.56 2.52
0.9 4.36 2.23 2.21
1.0 4.35 2.07 2.07
1.1 4.32 1.95 1.95
1.3 4.29 1.72 1.75
1.5 4.27 1.55 1.59
1.7 4.25 1.44 1.47
2.0 4.23 1.33 1.32
Table (9) and (10) represents the temperature at the
critical colour screening parameter µc which is shown
in fig.(10) for the different charmonia and bottomonia
states for the different choices of ν, which is calculated
using screening parameter µc [10],
µc(T )= 0.24+0.31(
T
T0
−1) (7)
The survival probability of the J/ψ, ψ′ and χc-state
of charmonia has been obtained as 2-2.5Tc, 1.1Tc and
1.1-1.3Tc [11, 14] while for Υ ∼3-4Tc[15, 17].Here our
results agree for the charmonia case for the choice of ex-
ponent ν ∼1.1. However, for the bottomonia case our
results overestimate with the prediction of[15, 17] for all
potential exponents studied here.
We conclude here, the in medium properties of char-
monia states can be studied by cornel like potential
(ν ∼ 1.0) or by slightely higher than it. While in case
of bottomonia states more detailed study is needed.
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